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A randomised controlled trial investigating motor skill training
as a function of attentional focus in old age
Abstract
BACKGROUND: Motor learning research has had little impact on clinical applications and rarely
extended to research about how older adults learn motor skills. There is consistent evidence that motor
skill performance and learning can be enhanced by giving learners instructions that direct their attention.
The aim of this study was to test whether elderly individuals that receive an external focus instruction
during training of dynamic balance skills would learn in a different manner compared to individuals that
received an internal focus instruction. METHODS: This randomised trial included 26 older persons (81
+/- 6 years) that were training functional balance twice a week for the duration of 5 weeks. Learning
outcomes were recorded after every training session. Weight shifting score and dynamic balance
parameters (Biodex Balance System), components of the Extended Timed-Get-Up-and-Go test, five
chair rises, and falls efficacy (FES-I) was assessed at baseline and post-intervention. RESULTS:
Participation for training sessions was 94%. No differences between groups were found following 5
weeks of training for weight shifting score, dynamic balance index and dynamic balance time (p < 0.95,
p = 0.16, p < 0.50), implying no learning differences between training groups. Extended
Timed-Get-Up-and-Go components Sit-to-stand, p = .036; Gait initiation, p = .039; Slow down, stop,
turnaround, and sit down, p = 0.011 and the Fes-I (p = 0.014) showed improvements for the total group,
indicating that function improved compared to baseline. CONCLUSION: A 5-week balance training
improved weight shifting scores and dynamic balance parameters as well as functional abilities. The
observed improvements were independent from the type of attentional focus instructions. The findings
provide support for the proposition of different motor learning principles in older adults compared to
younger adults.
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Abstract
Background: Motor learning research has had little impact on clinical applications and rarely
extended to research about how older adults learn motor skills. There is consistent evidence that
motor skill performance and learning can be enhanced by giving learners instructions that direct
their attention. The aim of this study was to test whether elderly individuals that receive an external
focus instruction during training of dynamic balance skills would learn in a different manner
compared to individuals that received an internal focus instruction.
Methods: This randomised trial included 26 older persons (81 ± 6 years) that were training
functional balance twice a week for the duration of 5 weeks. Learning outcomes were recorded
after every training session. Weight shifting score and dynamic balance parameters (Biodex Balance
System), components of the Extended Timed-Get-Up-and-Go test, five chair rises, and falls efficacy
(FES-I) was assessed at baseline and post-intervention.
Results: Participation for training sessions was 94%. No differences between groups were found
following 5 weeks of training for weight shifting score, dynamic balance index and dynamic balance
time (p < 0.95, p = 0.16, p < 0.50), implying no learning differences between training groups.
Extended Timed-Get-Up-and-Go components Sit-to-stand, p = .036; Gait initiation, p = .039; Slow
down, stop, turnaround, and sit down, p = 0.011 and the Fes-I (p = 0.014) showed improvements for
the total group, indicating that function improved compared to baseline.
Conclusion: A 5-week balance training improved weight shifting scores and dynamic balance
parameters as well as functional abilities. The observed improvements were independent from the
type of attentional focus instructions. The findings provide support for the proposition of different
motor learning principles in older adults compared to younger adults.
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Motor skills, defined as goal-directed activities that consist
of body, head, and/or limb movements [1], are learned
and performed on a lifelong basis. Learning, defined as a
change in the capability of a person to perform a skill that
must be inferred from a relatively permanent improve-
ment in performance as a result of practice or experience,
can be assessed by recording practice performance during
the period of time a person practices a skill. Skill learning
takes place when improvement of the skill over the time
period is exhibited [1]. Learning and relearning skills con-
tinues to be important for maximising function and qual-
ity of life in older individuals. Older adults may, for
example, need to train balance skills that will help to
reduce the fall risk. One potential way to improve balance
training in older adults comes from motor learning
research.
Motor learning research has, however, had little impact
on clinical applications [2,3], and motor learning research
is rarely extended to research about how older adults learn
motor skills [4] (also see Latash & Levin [5] for an over-
view). Older adults, however, constitute a heterogenous
group of individuals exhibiting an infinite variety of cog-
nitive and physical abilities. This variety causes learning
abilities of the aged to be on a multidimensional contin-
uum ranging from individuals with good learning abili-
ties and good memory skills to individuals with poor
learning capacities and impaired memory skills [6].
The learning of motor skills can be characterised by the
continuous interaction of cognitive and sensory processes
with the motor processes [7]. Decreased postural stability
with increasing age can result from impairment in sen-
sory, motor and central integrative mechanisms [8,9].
Teasdale et al. showed that as the sensory information
decreased, the postural tasks became increasingly difficult
for the elderly and required more of their attentional
capacity [10]. Shumway-Cook & Woollacott (2000)
reported that the inability to allocate sufficient attention
to postural control under multitask conditions may be a
contributing factor to imbalance and falls in some older
adults [11]. From this point of view, attention resources
should explicitly be considered in training protocols for
the aged.
There is consistent evidence that motor skill performance
and learning can be enhanced by giving learners instruc-
tions that direct their attention to the effects of their
movements. It has been shown that, given external focus
instructions, motor performance can be enhanced above
and beyond younger adults' normal level of performance.
That is, inducing an external focus of attention (EF) has
been shown to be more effective than directing attention
to the movements themselves (internal focus; IF) or to
some other external cue that will prevent learners from
focussing on their movements [12]. Thus, the performer's
focus of attention has an important influence on the per-
formance and learning of motor skills [12-15].
Postural biofeedback balance training for the improve-
ment of dynamic stability can be applied by weight shift-
ing to selected targets displayed on a computer screen
[16]. Such visual feedback-based balance training
improves the dynamic balance and sensory integration
capabilities of older adults with a history of falls [17]. It is,
furthermore, able to improve balance control in the phys-
ically active community-dwelling elderly [18] and in frail
elderly women living in residential care [19]. It also
decreases the monthly risk of falling in frail elderly [20].
Uncertainty exists about the impact of subtly different
instructions from the screen cursor and the effect on
movement quality. Rose & Clark (2000) [17] report that
"the visual feedback conveys information to the partici-
pant about the movement and position of his/her centre
of gravity during each exercise". Assuming that, on a
behavioral level, age differences in motor skill learning are
at most only subtle [4], this form of information should
be extended with an 'external focus instruction' in order to
facilitate the motor learning process of the older per-
former.
This study applied two different types of attentional focus
instructions to a group of frail older adults training
dynamic balance skills while measures of learning
progress were obtained. We tested the hypothesis that eld-
erly individuals that receive an external focus instruction
during training of dynamic balance skills would show dif-
ferent patterns of learning compared to individuals that
received an internal focus instruction.
Methods
Participants
Thirty-one participants were recruited from two senior cit-
izens' hostels and their surroundings in Zurich, Switzer-
land for a randomised controlled, single-blind trial.
Recruitment was performed by means of word-of-mouth
recommendation and poster advertisement. Inclusion cri-
teria were 70 years of age and older, the ability to see the
feedback marker on the computer screen, a score of 25 or
more in the Mini Mental Status Examination (MMSE)
[21], the ability to be able to follow verbal instructions in
the German language and the ability to stand upright
independently. Participants were excluded if they had a
rapidly progressive or terminal illness, acute illness or
unstable chronic illness (self-reports that were cross
checked with the physician's reports). Participants whoPage 2 of 10
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ment or had prior experience with the task were also
excluded.
All eligible residents were invited to attend an informa-
tion session in which the intervention and the study
design were explained. Participants were informed that
the purpose of the study was to investigate rehabilitation
strategies. The Ethical Committees of the Canton Zurich
and the Swiss Federal Institute of Technology Zurich
approved the study protocol and informed consent was
obtained from all participants prior to their participation.
Randomisation
Participants were allocated randomly to the internal focus
of attention (IF) group or the external focus of attention
(EF) group. Participants were randomised using a table of
random numbers [22]. Figure 1 shows the recruitment
process and the flow of participants through the study.
Device and task training
Balance assessment and training were carried out using
the Biodex Stability System (BSS; Biodex Medical Systems
Inc, 20 Ramsay Rd, Shirley, NY 11967–4704). The BSS
trains and evaluates neuromuscular control by quantify-
ing the ability to maintain dynamic postural stability on
both stable and unstable surface conditions. The BSS pro-
vides visual feedback that allows individuals to relate to
and reproduce specified motion patterns. All participants
trained in non-slip socks when possible.
Participants in both groups were instructed to focus on
the visual feedback screen whilst performing their exer-
cises. The screen showed a moving point in the middle of
a target and the participants were asked to follow the tar-
get through shifting their weight. All participants received
an exercise protocol in which the exercises gradually
became more complex (Additional file 1; Figure 2).
The IF group participants were, prior to internal focus tri-
als, instructed with the feedback that the moving point on
the feedback screen represented their body centre of grav-
ity. They were instructed to focus on this centre through
concentrating on their belly (while looking straight ahead
at the video screen) and to volitionally move this point on
the screen through exertion of force on this imaginary
point.
The EF group participants were instructed that the moving
point on the feedback screen represented an air bubble in
a level, (as used in the building industry to determine a
level horizontal line), positioned in front of the feet of the
participant standing on the plate (Figure 2). Such a level
(Ø 4.2-cm) was attached to the platform with an elec-
tronic cable, thus suggesting a direct connection between
movements of the air bubble in the level and the marker
on the screen (figure 2). The EF participants had to focus
on the air bubble (while looking straight ahead at the
video screen) and try to consciously move this bubble in
the level.
All participants were expected to perform at least three
practice trials per exercise on two week days for five con-
secutive weeks under the treatment conditions. Before
every practice trial, participants were given short remind-
ers to focus on the respective 'moving points'. In a fourth
trial, the time needed to perform the exercise under test
conditions was measured together with the Dynamic Sta-
bility Index of the participants. This procedure was chosen
to rule out short-term learning effects [23,24]. Training
duration lasted between 25 and 35 minutes.
Participants were informed that the intent of the trial was
to assess the effect of balance training on physical per-
formance. In order to avoid bias, the information that dif-
ferent focus of attention instructions during training
possibly influences the speed of learning was not dis-
closed. Complete information about the theoretical role
that the form of instruction might play was given to each
participant in a debriefing session after completion of the
programme. The reason for not disclosing information
about the focus of attention was discussed at the debrief-
ing. Only the results of participants who agreed with this
procedure were included in the final data analysis.
Primary outcome variables
The weight shift score for medio-lateral movements on
the stable platform, performance time on the unstable
platform for the dynamic limits of stability (LOS) test and
the dynamic stability index derived from this test were
measured in each session and were used as the primary
outcomes. The device measures angular displacement
from a center position. The stability index units are really
degrees. In the static mode – it is the angular displacement
of the center of gravity. In the dynamic mode, it is the
angular displacement of the platform that is measured
with accelerometers that measure tilt with respect to grav-
ity. Test conditions were similar to exercise conditions
(Figure 2a) with the exception that during the test a time
pressure and/or precision constraint was imposed on the
participants.
The weight shift training mode allows for static and
dynamic platform exercise in the most basic activities of
weight shifting. Participants were challenged to shift and
control their centre of gravity during the weight shift test
within two parallel lines for sixty seconds. During the test
the width of the lines was kept constant and, thus, the
degree of difficulty was kept constant for the 5-week study
time. Participants were asked to move the dot on the feed-Page 3 of 10
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out touching the red boundary lines with the dot (see
figure 2a). Scoring is percentage based and equals total
targets accumulated/total hits within 60 seconds. During
the test participants were not allowed to hold the security
rails (Figure 2a).
In the LOS test condition, participants were asked to voli-
tionally move their body within their LOS on an unstable
platform (level 10 representing medium difficulty) in as
short a time as possible. Time to complete the test (in sec-
onds) is the total elapsed time for the participant to com-
plete touching all targets. This test is a good indicator of
dynamic control within a normalised sway envelope [25].
The LOS has been defined as the maximum angle a body
can achieve from vertical without losing one's balance.
Once the LOS is exceeded a fall, stumble or step will
ensue. LOS in normal adults is 12 degrees in anterior-pos-
terior (AP), and 16 degrees in the medio-lateral (ML)
direction. For the BSS, the percentage of normal LOS in
the AP direction is calculated by dividing the subject's AP
stability index (maximum 20°) by a normal reference
value of 12° and multiplying that number by 100. Simi-
larly, subject's ML stability index (maximum 20°) is
divided by a normal reference value of 16° and multiplied
by 100 to determine the percentage of normal LOS in the
lateral direction [26]. A combined value of 100% means
perfect control. Values below indicate problems with
dynamic balance. Reliability for a dynamic balance proto-
col with decreasing stability levels on the BSS has been
proven clinically reliable, with intraclass correlation coef-
ficients ranging from .80 to .43 [27]. A combined value of
100% for the stability index meant perfect control. Values
below indicated problems with dynamic balance. The
time needed to perform this test was documented in sec-
onds.
Functional performance variables
The Timed Get-up-and-Go (TGUG) test measures the
overall time to complete a series of functionally important
tasks. In the Expanded Timed Get-up-and-Go (ETGUG)
test, times for the component tasks are measured using a
multi-memory stopwatch. The ETGUG test is a sensitive
and objective assessment of function [28].
The time for 5 consecutive chair rises without the use of
hands was recorded. Hands were folded in front of the
chest with feet flat on the floor, following the protocol
described by Guralnik et al. [29] Time was measured in
seconds with a stopwatch and rounded to the nearest
tenth of a second. Timing began with the command "Go"
and ended when the buttocks contacted the chair on the
fifth landing. The reliability of this protocol is adequate
[29].
The Falls Efficacy Scale International (FES-I) question-
naire was used as a measure of 'concern' about falling to
determine the transfer effects of training. This scale
assesses both easy and difficult physical activities and
social activities with a scale of: 1 = not at all concerned, 2
= somewhat concerned, 3 = fairly concerned, 4 = very con-
cerned. The FES-I has excellent internal and test-retest reli-
ability [30].
All measurements were performed by the same tester. The
secondary variables were assessed at baseline and after
completion of 10 trainings. The assessor was not blinded
to the participants' training group.
Data analysis
Baseline group data that were parametric and showed a
normal distribution were evaluated using Student's t-test
for unpaired groups. A comparison of group score and
data not normally distributed at baseline was undertaken
using a Mann-Whitney U test. The Chi-squared test was
used for dichotomous variables.
The primary outcome data were analysed with 2 (Focus
groups) × 10 (Days) ANOVAs, with repeated measures on
the second factor. Missing data were replaced with a con-
servative approach that would not influence the mean of
the whole distribution, by means that were calculated
Study design – flow of participants through the studyFigure 1
Study design – flow of participants through the study.
Exclusion N = 24 
Not meeting inclusion criteria 
(n= 8); refused to participate 
(n= 16) 
Group Internal Focus 
N = 15 
Group External Focus 
N = 16 
Total number of participants registered 
N =31 
Total number that attended the information 
sessions N = 55
Losses (N = 1): 
Reason for discontinued intervention: 
developed pain in the hip and knee due 
to arthrosis following the training 
Losses (N = 3): 
Reasons for discontinued intervention: 
Unspecific back pain after training (1); 
bronchial pneumonia (1); neurological 
condition (1) 
Received allocated intervention n = 15
(1 participant withdrew after randomisation)
Received allocated intervention n = 15
Outcome data 
5 weeks: N = 14 with data 
Outcome data 
5 weeks: N = 12 with data Page 4 of 10
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(ω2) was calculated to determine the amount of variation
that was accounted for by the difference in the two levels
of attentional focus instruction (IF & EF) [32]. Variables in
which ANOVA assumptions were violated (e.g. normality
of the distribution) were compared by two-way ANOVA
by ranks using Puri and Sen's L-statistic [33], where Pillai's
Trace as an estimate of variance accounted for in repeated
measures is used instead of ω2.
The functional performance outcome data ETGUG and
Chair Rises were analysed with two-factor repeated-meas-
ures ANOVA, with external/internal focus of attention as
a between-participants factor and time as a within-partic-
ipants factor. For statistical comparisons of the before-
after FES-I data we used the Mann-Whitney U test. A prob-
ability level of p < 0.05 was considered to be statistically
significant.
All statistical procedures were conducted with the SPSS
(version 15.0) software program (SPSS Inc. Chicago, IL,
USA). All available data were analysed by initial group
assignment.
Results
The progress of participants through the various stages of
the study and the resulting compliance for both groups is
presented in Figure 1. All participants agreed with the
information procedure at the end of training and had
their data included in the final data analysis.
Participant description
Table 1 summarises the demographic characteristics and
baseline measures of the two groups at the beginning of
the trial. There were no significant group differences for
these measures.
Compliance
From the 26 participants that completed the trial 50% vis-
ited all 10 scheduled training sessions, 10 participants vis-
ited 9 sessions, and three completed 8 training sessions.
This resulted in a total compliance, expressed as trainings
visited (244) divided by trainings scheduled (260) × 100%
= 94%, indicating good programme acceptance. There
were no differences in compliance between the two
groups nor were there group differences in the rates of
progression through the training stages.
Primary outcomes
All 26 participants were able to perform the exercises and
the subsequent weight-shift test on the stable platform
and the exercises on the unstable platform. However, five
participants were not able to perform the exercises under
the imposed time pressure and precision constraints that
followed every training session. These individuals missed
four or more test values which led to their exclusion from
data analysis. Complete data sets with seven or more test
values for the performance time and dynamic stability test
measure was available for 21 individuals; 12 in the IF and
9 in the EF group.
ANOVA assumptions for normality of the distribution
were violated for the weight-shift score and the time
needed for the dynamic test.
The between groups tests indicated that the variable exter-
nal/internal focus of instruction failed to reach signifi-
cance in weight shift; L(20) = 3.28, p < 0.95, and dynamic
test performance time; L(20) = 7.06, p < 0.50. The within
subject tests indicated that there was a significant time
effect for both parameters: L(20) = 16.58, p < 0.05 and
L(20) = 15.86, p < 0.05. In other words, both groups sim-
ilarly improved in task performance within 5 weeks. Pil-
lai's Trace was .13 for weight shift and .39 for performance
time (Figure 3). This means that a thirteen (weight shift)
a Weight-shift training modality (left), LOS training and test modality (right)Figure 2
a Weight-shift training modality (left), LOS training 
and test modality (right). b Exercise set-up with the 
water blister placed in front of the feet of EF participants.
Weight-shift Training 
Participants are challenged to shift and control 
their centre of gravity within two parallel lines. 
Changing the width of the lines controls the 
degree of difficulty. Score is kept to track 
progress
LOS Training 
Challenges the patient’s balance within their 
sway envelope.
The level placed in front of the EF 
participants. Page 5 of 10
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variance in dynamic stability is accounted for by the exter-
nal/internal focus of instruction variable.
The between groups test indicated that the variable exter-
nal/internal focus of instruction failed to reach signifi-
cance in dynamic stability index F(1, 19) = 2.133, p =
0.161, ω2 = .05. The within subject test indicated that there
was a significant time effect for this parameter: p-value
<0.001. In other words, both groups similarly improved
in task performance within 5 weeks. A five percent propor-
tion of the variance in dynamic stability is accounted for
by the external/internal focus of instruction variable (Fig-
ure 3).
Functional performance variables
The two groups did not vary significantly with respect to
ETGUG, Chair Rises and FES-I. Neither were there signifi-
cant differences in post-test values between the two
groups. The lack of any significant differences related to
focus of instruction led to the dissolution of the grouping
and all participants were treated thereafter as a single
group and analysed with a t-Test for paired observations
(ETGUG & Chair Rises) or the Wilcoxon signed-rank test
(FES-I).
The analysis for the ETGUG total time score before (33.0
± 18.0s) and after training (29.1 ± 11.4s) showed that
there was no change in this parameter, t(25) = 2,01, p =
.056. Three of the six component tasks, however, showed
significant improvements over the 5-week training time;
Sit-to-stand, p = .036; Gait initiation, p = .039; Walk 1, p =
.89; Turn around, p = .33; Walk 2,  p = .44; and Slow down,
stop, turnaround, and sit down, p = 0.011 (Figure 4).
Five of the participants were not able to perform the Chair
Rises test at baseline. At follow up four of these partici-
pants were not able to perform this test. Thus the analysis
was performed with 21 participants. The analysis for the
Chair Rises showed that there was no change in this
parameter when before training (17.1 ± 3.7s) was com-
pared to follow up (16.4 ± 3.5s), t(20) = 1,38, p = .182.
The Wilcoxon test on the FES-I data showed that there was
significant difference in fall efficacy between pre-training
(22.8 ± 6.2 points) and post-training (20.8 ± 3.6 points),
z = -2.468, p = 0.014, indicating that the concern about
falling decreased.
Discussion
This study tested the hypothesis that elderly individuals
using different attentional focus strategies conveyed to the
participants through differing verbal instructions during
training of dynamic balance skills would show differences
in learning progress. Although there is consistent evidence
in the motor learning literature that motor skill perform-
ance and learning can be enhanced by giving learners
instructions that direct their attention to the effects of
their movements, our study showed that there was no
such effect on learning in older adults. Neither the pri-
mary test variables nor the functional performance
parameters showed that external focus instruction was
beneficiary to internal focus instruction whilst learning to
balance on a stable or unstable platform with concurrent
feedback on a video screen.
How motor processes are affected by internal versus exter-
nal foci is explained through the constrained action
hypothesis. According to this view, focussing attention on
the movement effect promotes an automatic mode of
movement control [13,34,35]. It is assumed that through
the adoption of an external focus unconscious, fast and
reflexive processes are enabled to control the movements.
Evidence in support of the constrained action view are
related to attentional capacity, the frequency of move-
ment adjustments, and the degree of muscular activity
observed under different focus conditions. A possible
explanation for the lack of effect in our study might be
related to these factors. The implications for learning
motor skills from verbal instructions are, in the majority,
derived from motor learning experiments with healthy,
young adults. We investigated frail older individuals train-
ing balance skills, a population that is more representative
for many rehabilitation settings. It may be argued that this
population may have had impairments that influence the
automaticity of movements in either one or all of the
aforementioned factors related to the constrained action
view. Impairments in older individuals in attention,
movement adjustment capacities, and/or muscular activ-
ity in standing balance are well documented (see [36]
Chapter 9 for an overview).
Our single-activity intervention showed significant
changes on components of the ETGUG test measure, inde-
pendent from the form of verbal instructions. These
results are in line with previous studies that used similar
methodology [17-19] or investigated the impact of bal-
ance and coordination training alone on locomotor func-
tion [37]. Hass et al. reported a positive influence of
balance and coordination training on gait initiation in
older adults that were transitionally frail [37]. Our study
is at variance, however, with the results from Steadman et
al. (2003) who reported improvements in walking veloc-
ity of balance-impaired patients following a balance train-
ing programme [38]. Steadman et al., however,
specifically included functional exercises that aimed to
improve walking and leg strength in their exercise proto-
col. This finding suggests that the principles of specificity
of training may be as important in older adults as they are
in younger adults. For example, specificity may explainPage 6 of 10
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(2003). In their study, both sit-to-stand and walking exer-
cises were important components of the balance training
programme [38]. Weight-shifting exercises on a stable and
unstable platform were the only exercises that were per-
formed in our study. Therefore, the Chair Rise Test, devel-
oped to test the strength in the legs of the elderly, showed
no change in our training group.
The intervention also indicated that concern about falling
decreased as shown through significant changes in the
FES-I. These changes were independent from the form of
verbal instructions and infer that the intervention was
able to influence the level of fear to perform functional
indoor and outdoor activities. These results seem to con-
firm findings in previous studies that used similar meth-
odology and comparable training duration, showing that
this form of intervention improves balance control,
dynamic balance and sensory integration capabilities of
older adults [17-19].
An aspect of this study that should be viewed with some
caution is the operationalisation of internal versus exter-
nal focus of attention. It can well be argued that both task
conditions require the same kind of behaviour (shifting
one's weight in order to follow the target). Once the peo-
ple with the external focus of attention instruction real-
ised that the movement of the bubble corresponds
directly to their body movements on the platform, they
might simply have shifted their weight, just as the people
with the internal focus of attention instruction did. This
would have led both groups to focus on the movements
effects (which are the movements of the feedback point in
this paradigm) But, if that would be the case, the results of
previous studies with young adults, that were using simi-
lar experimental set-ups and similar forms of instructions,
would in majority also reveal similar patterns in training
effects. Young adults, however, mainly showed different
performances depending on internal and external focus of
attention.
An obvious limitation of our study is the rather small sam-
ple size. This study, therefore, only reveals first estimates
for these measures and warrants further research in larger
populations. We implemented a strict study design to
control for threats to validity. A next step would be to rep-
licate the findings in a new exercise group of elderly indi-
viduals as an additional control procedure [39]. The data
collected allow for calculation of the sample size needed
for a larger study. The ANOVA for the Dynamic Stability
Index, for example, showed that the means were not dif-
ferent and the effect size was small with the omega
squared being just .05. This indicates that the factor focus
instruction by itself accounted for only 5% of the overall
(effect+error) variance. To avoid a type I or II error in a
future study we need, based on our observed values for the
Dynamic Stability Index (with values in the last training
of: IF = 26.6 ± 12.8; EF = 32.5 ± 14.1), an estimated sam-
ple size of 88 participants for a two group pretest-posttest
design. This would result in 80% power at an α-level of
0.05 and is based on the assumption that the standard
deviation of the response variable is 13.5. This in mind,
the relationship between focus of instruction research and
its effect on motor learning in elderly individuals requires
further exploration. Translating the results from motor
learning experiments with healthy young participants to
Table 1: Participants' demographics and baseline measures
Internal focus (n = 14) External focus (n = 12) p
Age (years), mean ± SD (n = 26), [range] 80.1 ± 5.4 [72–92] 81.9 ± 6.8 [71–98] 0.46†
Gender F/M (n = 26) 10/4 11/1 0.33†††
Height (m), mean ± SD (n = 26) 1.62 ± 0.07 1.60 ± 0.07 0.50†
Mass (kg), mean ± SD (n = 26) 67.9 ± 9 65.5 ± 16.5 0.27†
Medication (number/day), mean ± SD 6.5 ± 4.3 4.6 ± 3.3 0.30†
Mini Mental Status Examination, mean ± SD 28.5 ± 0.6 28.2 ± 0.7 0.08†
FES-I, mean ± SD 21.8 ± 4.6 23.9 ± 7.8 0.78††
5 chair rises test (s), mean ± SD 16.1 ± 2.9 18.1 ± 4.4 0.28††
ETGUG (s), mean ± SD 29 ± 13.2 37.7 ± 22 0.22††
†t-test; ††Mann-Whitney U-test; †††Chi-squared test.Page 7 of 10
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Biodex Balance System performances of the internal and external focus groups with visual feedback during 
practice (week 1–5). Curves represent the development of the three primary outcome variables weight shift score (A), 
dynamic LOS performance time (B), and dynamic LOS index (C).
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BMC Geriatrics 2009, 9:15 http://www.biomedcentral.com/1471-2318/9/15therapeutic interventions should, therefore, take place
with caution until the appropriate clinical studies with
clinically relevant population outcomes have been con-
ducted.
Further research is needed to determine how older indi-
viduals training functional motor skills respond to differ-
ent types of focus instructions and transfer this to these
motor skills. Current knowledge could serve as a good
starting point.
Conclusion
In summary, we found a similar degree in the learning rate
between two groups of older adults exercising a postural
balance task under different instructions. Our findings
provide support for the proposition of different motor
learning principles in older adults compared to younger
adults, because the older individuals were not taking an
advantage of adopting an external focus of attention.
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